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AERODYNAMICHARACTERISTICSOF TWODELTAWINGSAT
MACHNUMBER4.04ANDCORRELATIONSOF LIFT
ANDMINIMUM-DRAGDATAFORDELTAW3iiGS
. AT MACHNUMBERSFROM1.62TO 6.9
By EdwardF. UlmannandRobertW. Dunning
Testsweremadeto determinetheaerodynamicharacteristicsat
Machnumber4.04of twodeltawingsof.aspectratio2.31with 8-p==nt-
thickdouble-wedgeairfoilsectionshavingtheirmaximynthicknessesat
18and60 percentchord. Thesetestswereconductedin theLangley9- by” “
9-inchMachnumberhblowdownjetat a Reynoldsnumberof 6.o X 106,
basedon themodelmeanaero~amic chord. The resultswereanalyzed
togetherwithresultsobtainedat lowerMachnumbersin theLangley
g-inchsupersonictunnelandatMachnumber6.9 in theLangleyn-inch
hypersonictunnelfor-thesameand similarwings. The analystsindi-
catedthattheconclusioninNACARM L~7, whichstatedthat,on the
basisof thedataat lowerMachnumbers,forwingsof the samefamily
theratioof theexperimentallift-curveslopeto thetheoreticaltwo-
dimensionalift-curveslopewas relativelyindependentofMachntiber”
foranygivenvalueof theratio tan6/tanm (where 6 is thewing
semiapexanglegnd m “isthefree-streamMachangle),was alsovalid
atMachnumber4.04. Itwas alsofoundthat,fordouble-wedgedelta
wingshavingthessrnemaximum-thiclmess.location,theproductof the
.-.., 4.
~M2 - I. (whereMexperimentallyderivedp~ssure dragaiii is the’
(t/c)2 ~
.
.
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.—
. .—-. ..
..
free-streamMachnumber~nd t/c is theairfoilthicknessratio)was
relativelyindependentofMachnumberfor~ givenvalueof,t~6/t~.m ..-:_.–..<
throughoutheMachnumberrangefrom1.62 to 6.9. Thusit is shown ““... : ..._
“thatthesemethodsof correlatingexperimentalliftandpressure-drag
dataof deltawingsprovidea mems of predictingwingperformanceat ‘“’.:-’”=
highsu~ersonicMachnumbersfromexperimentalresultsobtainedat low_,~.. ,-..Z
supersonicMachnumbers. -. ..
2.. —- &- .-—_- —. .-
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INTRODUCTION
Thebulkof availabledesigndataforsupersonicaircraftandmis-
sileslies.inthespeedrangeup-to‘aMachn“i.mberof.ro–ughly2. A con-
siderableincreasehasrecentlyoccurredin contemplateddesignspeeds,
andthustheneedfor”researchdatain thespeedrangefromMachnum-
ber 2 to about~ has“greatlyincreased.In orderto providesomeof the
neededdata,a wingprogramhasbeenstartedin theLaniey 9- by g-inch”
Machntiber4 blowdownjet. Thisprogramhas twoobjec~tes: first>to”
establishtheperformanceatMachnumber4.04of a numberof related
wingsof.particularinterestin thiss~pedrangesgd,qe”co.nd,to develo>y
ifpossible,meansof correlationwith.the”availabler sultsforother
supersonicMachnumbers.In thisprogramtheeffectsof planform, ‘
thicknessratio,maximum-thicknesslocation,andleading-andtrailing-
edgeprofilesonwingforce.characteristicsarebeinginvestigated.
Thisreportpresentstheresultsobtainedfortwo8-percent-thick
wingsof thisprograqwhichdifferedonlyinthepositionofmaxi?nuul.“~
thickness.Oneof thesewingswas identical.toa wingpreviously
investigatedatMachnumbersof 1.62, 1.92, and2.40in theLangley
g-inchsupersonictunnel(ref.1). Also”presentedforIEomparisonara
recentlyobtainedpreliminaryresultsfortheseandsim~larwingsfrom
theLangleyg-inchsupersonictunnelandfromtheLangleyn-inch hyper-
sonictunnel(Machnumber6.9). Thesenewdata,togetherwith.thepub-
lishedresultsin references1 and2, areanalyzedand-discussedbriefly
witha viewtowardestablishingcorrelationcriteria.-
SYMBOLS
CL
Cm
CD
Cb
Liftliftcoefficient,— ,=.qs
pitching-momentcoefficient,
Pitchingmomentaboutwingcenterof area ‘~
qscr
—
dragcoefficient,~ .
.=
wing-rootbending-moment.coefficientl ..
Bendingmomentaboutwingnot dueto lift .
q$
.. —
angleof attack —. —-
.
..
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free-streamdynamicpressure
.semispanwingarch
wingspan
wing-rootchord
2cr ,-
wingmeanaerodynamichord,
7
ratioofwinglifttowingdrag ..
lift-curveslopeat zeroangleof attack
--
wingsemiapexangle
free-streamMachangle
..
.—
free-streamMachnumber
Reynoldsnumberbasedon ~
G
airfoilthickness-ratio
dragcoefficientat zerolift:- -.C%i,,
CDP pressure-dragcoefficient,
cDmin- Theoreticalskin-friction-dragcoefficient
APPARATUSAND”TESTS
.—
The testswereconductedin theLangley9- by 9-inchMachnumber4
blowdownJet;thisfacilityis describedanditstest-sectionflowcali-
—.
brationis presentedin reference3. The settling-chsmberpressure,which -.
washeldconstantby a pressure-regulatingvalve,andthecorresponding
airtemperaturewerecontinuouslyrecordedon filmduringeachrun.An .
—
.-.
externalside-wall-mountedstrain-gagebalancewas usedto measurethe “- ._
normalforce,chordforce,pitchingmoment,andwing-rootbendingmoment
of themodels. Themodelsweremountedthrougha bourkkq’y-layerbypass ‘.-:~
.-
plate(seefig.1)whichwas farenoughout in the streamto bypassthe
.
.
4--
... .—
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tunnel-wallboundarylayer. Thedimensionsof thes“emi6~anmodelsare
givenin figure2. Themodelsweremadeof steelandhad sharpleading‘“
andtrailingedgesandridgelines. .-
Balancedeflections.underloadnecessitated‘aboutO.10-inchclear-
anceallaroundthemodelsat therootchord.Forcete=tsof a rectan-
gularwingequippdw.ithpressureorificeson jtssurfacejustoutboard=
andinboardof-thegapat thewingrootshowedthatairflowin andout
of thisO.10-inchgapcausedlargechang”esin.thew’ing-surface‘pressureti
at aiglesof attack,whichcausederroneousf&rceand.mornentreadings.
A sliding-plategap-sealingmechanismwas thqreforedev~loped(fig.3)
whichallowed-thewingto movefreelyunderloadandreducedtheeffects
of gapleakageto a negligibleamougt.Forcetestsweremadewhich ...
showedthatfrictionbetweenthe slidingandthestationaryplatesdid
notproduceanymeasurableforcesormoments.
TheReynoldsn~ber forthetestswas 6.ox 106,basedon themodel
meanaerodynamichord.Becauseof adverseeffectsfrom-chokingbehind”’”
thebypass.plateat.hi~ anglesofattack,theangle-o$=atmckrangewas
limitedto ilh”. The testswererun at humiditiesbelti5.0x 10-6 “pounds
of watervaporperpoundof dryair,whichis%elievedtobe lowefiough
to eliminatecondensation.effects. .-
PRECISIONOF DATA —...
TheUncertaintiesirivolvedinmeasuringtheforces;andmomentsand .
computingtheaerodynamicoefficientsandthece”nter-o~-pressureloca-
tionshavebeenevaluated.Theprobableuncertaintiesb thedataare -
listedbelow. The center-of-pressurencertaintiesreferto thecenters
of pressureobtainedby theslopemethod. -
a, deg. . ..... . . ... . . ... . ... . . . . . . . . C. . . . .+o.o~
CL. .. . . .: . . . . . . . G l . , . . . , . . . . .. . *0:005
CD. . . . . . .. . . . . . . . . :. . . . . . . . . . . . . -*0.001
Cm. . . . . . . . . . . . . . . . . . . . . . . . . . . . . , *0.001
Cb. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ~o.oo15
Chordwisecenterof presstie,percent ? . .‘=. . . . ~.. l . . . il.
Spanwisecenterof pressure,percentb/2 .. . . . . <-,. . . . k2
RESULTS .-
The results
cussionin order
arepresentedhereinwith-minimumanalysisa“nd.dis-”
toexpeditetheirpublication.Figure.4presentsthe
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h l variationsof lift,drag,pitching-moment,andwing-rootbending-moment
coefficients,lift-dragratios,-tidcentersof pressurewithangleof
attackforbothmodels. Center-of-pressurelocationsat zeroangleof
. attackobtainedby theslopemethodareindicatedby shorthorizontal
lineson the a = 0° axesof figuresA(d)and A(e). Figures5 to 9
givetheexperimentalandtheoreticalvariationof severalaerodynamic
characteristicsofwingI as functionsofMachnumberandof theratio
of thetangentof thesemiapexangleof thewingt~ thetangentof the
Machangleof.thefree-streamflow. Thevaluesof theseparametersfor
wingII atMachnumber4.04arealsoplottedin thesefigures.Fig-
ures10 and11 presentthelift-curveslopesandtheminimumpressure-
dragcoefficientsof thetwowings”testedat Machnumber4.04,together
withdatafromtheLangley9-inchsupersonictunnel(ref.1 andpre-
.
—
., -,-.
.. ...
—.
. . .
..-
.— .—.—.
. -—
liminarydataatMachnumbers1.62,1.93,and2.40)andfromtheLangley -
n-inch hypersonictunnel(ref.2 andpreliminarydataatMachnunher6.9)
on the sameand similardeltawings.
..
Theminimumpressure-~agcoefficientsatMachnumbers1.62to 4.04 .
usedin”figure11wereobtainedby subtractingfromtheexperimental
minimumdragcoefficientsvaluesof skin-friction-dragcoefficientbased‘
on theoreticalaminarandturbulentskin-frictioncoefficientsof refer-
ences4 and5, combinedby themethodof reference6,withtheassumption
thattheboundarylayerbecame-turbulentjustbehindtheridgelineon
eachwing..Theminimumpressure-dragcoefficientsat Machnumber6.9
wereobtainedby subtractingfromtheexperimentalm’inimumdragcoef- .“:”
ficientstheoreticalvalues‘ofskin-friction-dragcoefficientscomputed
accordingto themethodof reference7, withthewingconsideredas a “-
flatplateandtheReynoldsnumberbasedon theaveragesquarerootchord’””
of thewing.
Theoreticaliftcoefficientsusedin figures5, 7, and10were
obtainedby themethodof referenc~8. Theoreticaldragcoefficients
.weremadeup of linear-theorypressure-dragcoefficientsobtainedby
themethodof reference9 andtheoreticalskin-friction-dragcoef-
ficientsobtainedby them~thodof reference6, fortheassumptions
givenin thepreviousp~agraph. The theoreticaldragcoefficientsof
figure6 at Machnunibersup to 3 werebasedonthe averageReynol~”
numberforwingI forthetbreetestMachnumbersbelow3. Thetheo-
reticaldragcoefficientsat Machnumbersnear4 and7 werebasedon “-
thetestReynoldsnumbersin eachcase. Theoreticalvaluesof the -.
maximumlift-drag’ratioandtheliftcoefficientformaximumlift-
dragratiowereobtainedfromreference6.
.-.
..
.
6
. . . ..._
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In figure5 it is-seenthatthe linear“&eoryco@derably over-
estimatedthelift-curveslope”of wingI .att-helowerMachnumbersbut
g~vebetterWeewnt at mch nwbers new 4.04and6.9. In reference
it was shownthat,whenthelift-curveslopegfor.wing:Jand-fortheJ--
otherwingsof thesamefamilyat Machniunbersof 1.62”~1.93,and2.40
— ~*::<-
.- —-
—
—
1 “:-:.’.::
—-
— ..===
wereplot% x theratioof themeasuredlif%-cumesiopeto theiheo--”~““”~”..:.~
-“=-
retic~ltwo-dimensionallift-curveslo~eaga~nsttan +al’1m (fig.101> ..,:;
theratiowasrelativelyindependentof Mach:&unber.fo&.a given valueof
tan ~/tanm. ThepointobtainedforwingI at a Machnumber.of4.04
..—
—.
fallsalmostexactlyon an extensionof thecurvethro~h thelower.Mach”” ~~
numberdataof.reference”l;thusit is indicatedthatthefirstconclu- -—..
sionof reference1 appliesat Machnumbersas high_as.=4,0~.Thepre- . .-”..=
liminarydatafromtheLsi@ey 9-inchsupersonictunnel-on8-percent- ~~~~.la
thickdeltawing5withtheirmmimum thicknesses.at 50Percentchord~~’ -- ~
thedataobtainedat Machnumber4.04on thede~tawi~with itsmaximum .-
thicknessat 60 percentchordalsofa’11ofia singlec~ej so thatthis, “= ::=
correlationprovidesanotherex&npleof theV-alidityof.extendingt% _ . _. .+
Machnumberrangeof thefirstconclusionof..reference1 to Ma&hnum- .:,...zj~
ber4.04. The differencein maximum-thicknesslocation=from50 to
60 percentchordprotkblyhasoalya verysmalleffecton thelift-
-..=
.
.4
curveslopeat Machnumber4.04,since,exper%wntally(seefig.5),
thelift-curveslopeof thewingwithmaxi- thickness;:.at60 percent
—
.-
chordis only5 percentgreaterthanthelift-curve.slopeof thewing .1”.:.“-:
withmaximumthicknessat 18.percentchord?Movingthe-maximg.g”t.hick;.....:.--E-
nesstow~d thereardid,however,hate-a lti’~effect.M theminimum
dragcoefficient,decreasingitby 50 percent”(fig.6)..Liftdatawe ~. ‘:]- ‘~~
availablefromreference-2 at Machnuniber“6.9.fora 5-p~cent-thick
-*
~-
deltawingof aspectratio2.31”with.double-wedgeairfoilsectionhavi~_ , .. : ~
itsmaximumthicknessat 50 percentchord. Theflbwov~~ibiswing~.s‘..”_.– :.;
largelytwo-dimensionalndthevalueoftheiift-curveyiiopeis almost
equalto thelinear-theorytwo-dimensional”value
“(
tan E
F
..
see”fig.10 at — = 3.9 ltan m
_.
Figme..6shows“that”he”linear-theorypredictionof~.m~imumdrag .“ “...”‘“-1
..+,
coefficient,””wi thits-unrealisti”c.dragpeaks&~ flowcoti~itionswhere ‘- - .“::
thefree-streamMachlineis coincident”withthewingleadbg edgeor ~ .-J
coincidentwiththeridgeline,is veryinacc~ate.“Howeve”r~whenthe _ .. -.
....
pressuredragsof thewingsareobtainedby sfi%tracting’~”estimated L ‘~r_ , ~
CDP$ .Y.-=:-;
skin-friction-dragc.oefficie”ntandthequ&ntity isplotted —
(t/c)2:-. . —*
against’tanc/tar.m (fig.11),correl~ticms:.gfthedat%areobtained~“~”~“_ ‘~
whicharerelatively.independentof the-@t Mach&mbefi_aspredicted
by lineartheory.
. ... *
The correlationof allp6intsdepends.;:tosome,extent.~~.<.:--~=
on theassumptionsmadeconcerningthe l.acat”ion~of bofi@iry-layert an-—.
—-
sitionandthevaluesof thels.rdnarandturbulent“siin-friction-drsg~: ~..._
coefficients. -.s“ -. :.
—
—
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* CONCLUSIONS .-
“ An investigationf the&erodynamicharacteristicsof 8-percent-
thickdou%le-wedgedeltawingswith60°leading-edge~eeP andwitp ....
maximumthicknessesat 18 and63 percentchordhasbeenmadeat a-MaCh
numberof 4.04andReynoldsnumberof 6.o x 106. An analysisof the
resultsof thesetests,togetherwiththoseof otherinvestigationsat
higherandlowerMachnumbersof thesameandsimilardouble-wedgedelta -‘-
wings,indicatedthefollowingconclusions:
-,.
1.The conclusionof”NACARM L9D07,whichstatedthatforwingsof .._-...=.
the samefamilytheratioof theexperimental-lift-curveslopeto the
theoreticaltw~-dimensionallift-curveslopewas relativelyindependent
ofMachnumberforanygivenvalueof theratio t~ c/ta,nm (Where ~
‘ is thetingsemiapexangleand m is thefree-streamMachaz@e), is
validat.Machnumbersup to at least4.04.
-.
2. For double-wedgedeltawingswiththe ssme”maximum-thickness
location,theproductof theexperimentallyderivedpressurebag ~d -. -
.m.L-
iM2-1 (whereM is thefree-streamMachnumberand t/c is theair-
(t/c)2
foilthicknessratio)wasrelativelyindependentof Machnumberfor
a givenvalueof tan E/tanm throughoutheMachnuniberangefrom
-.
1.62 to 6.9. This correlationprovidesa meansof predictingpres-
.
suredragat highMachnunibersfromexperimentaldataobtainedat low
Machnmibers.
. LangleyAeronauticalLaboratory,
NationalAdvisoryCommitteeforAeronautics,
LangleyField,Va.
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Figure 10.- Ratio of the measured lift-curve
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Figure 11. - Correletionof the experimental
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to 6.9.
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